Objectives: This study aims to investigate the effect of ankle foot orthosis (AFO) on temporospatial parameters, ankle kinematics, and functional ambulation level in patients with stroke.
Sensorimotor impairments including muscle weakness, impaired selective motor control, abnormal movement synergies, spasticity, and proprioceptive deficits lead to various gait disturbances in patients with hemiplegia after stroke. [1] Ankle foot orthoses (AFOs) are commonly prescribed for those patients to enhance gait pattern and improve safety. Ankle foot orthoses have been reported to improve foot clearance during swing, ankle position at heel strike and ankle stability during stance. [2] Positive effects of AFOs on mobility, walking ability and balance after stroke have been demonstrated. [3] A three-dimensional biomechanical gait analysis is the best way to understand the complex multifactorial gait dysfunction in patients with hemiplegia. [1] It allows the quantification aspects of the locomotor pattern. [4] This retrospective study presents a long-term experience in AFO usage in hemiplegic gait at a tertiary rehabilitation center gait laboratory. The effect of an AFO on temporospatial parameters, ankle kinematics and functional ambulation level in patients with stroke has been investigated.
PATIENTS AND METHODS
The records of 286 adult patients with stroke assessed in Gait and Motion Analysis Laboratory at Turkish Armed Forces Rehabilitation Center during an eight-year period (April 2005 -January 2013) were reviewed. Among these patients, the temporospatial and kinematic data of 28 patients (16 males, 12 females; mean age 43.2±15.9 years; range 20 to 72 years) who had been analyzed under barefoot and AFO conditions during the same session were included in the study. The data of sex, age, time after stroke at the time of gait analysis, height, weight and affected side were noted from the medical records. All patients included in the study used the same type of AFO. It was a custom-made non-hinged thermoplastic solid AFO (Figure 1 ), which were chosen after considering individual clinical needs and fit by a qualified practitioner in gait analysis. The Local Ethics Committee of Gülhane Military Medical Academy approved the study protocol. The study was conducted in accordance with the principles of the Declaration of Helsinki.
Gait analysis was performed using a threedimensional, seven-camera, VICON 512 motion measurement system (Oxford Metrics Ltd., Oxford, UK). The VICON Clinical Manager software was used for calculating and plotting data. The following procedures were implemented routinely in our gait laboratory. Fifteen reflective markers were placed on specific anatomic landmarks bilaterally on the subject's pelvis, thighs, shanks and feet according to the marker protocol of Davis et al. [5] Anthropometric measures including height, weight, leg length and width of ankles and knees were taken for appropriate anthropometric scaling. Each subject, who was able to walk independently with or without assistive devices, was instructed to walk at a self-selected speed along a walkway with two force plates embedded in the floor. The patients were asked to walk barefoot and then with their AFO. They were allowed to use their assistive devices or supports. Temporospatial parameters including walking speed (meters per sec), cadence (steps per min), opposite foot contact (%), double support time (sec), single support time (sec), step time (sec) and step length (meters) were selected for the analysis. In addition, the kinematic parameters of the ankle including ankle dorsiflexion at initial contact and midswing (degrees) were assessed for the study.
The video and medical records of the patients were examined to rate ambulation level of the patients according to Functional Ambulation Category (FAC). The FAC is a visual measurement categorizing patients according to basic motor skills necessary for functional ambulation. [6] The FAC distinguishes six levels of walking ability on the basis of the amount of physical support required, ranging from "unable to walk" (FAC 0) to "able to walk independently anywhere" (FAC 5).
Statistical analysis
All statistical tests were performed using IBM SPSS Statistics software program (IBM Corp., Armonk, NY, USA) for Mac version 20.0. Whether the distributions of continuous variables were normal was determined by Kolmogorov-Smirnov test. Data are shown as the mean ± standard deviation or median (min-max), where applicable. Paired sample t-test for variables distributed normally or Wilcoxon signed rank test for variables not distributed normally were used to compare the measurements under barefoot and AFO conditions. A p value of <0.05 was considered statistically significant.
RESULTS
The data of 28 patients were obtained for the study. The mean age of the patients was 43.2±15.9 years (range, 20-72 years). Mean time after stroke at the time of gait analysis was 8.4±2.3 months (range, 3-18 months). There were 16 male (57.2%) and 12 female (42.8%) patients, with 16 left-sided and 12 right-sided hemiplegia. Demographic and clinical characteristics of the patients are listed in Table 1 .
Walking speed and cadence were significantly increased when patients walked with an AFO compared to walking barefoot (p=0.001; z= -3.438 and p=0.032; z= -2.145, respectively) ( Figure 2 ). A significant increase in opposite foot contact, indicating a longer stance phase, was seen with use of AFO on the affected side (p=0.014; z= -2.464). There were a significant reduction in step time and a significant increase in step length under AFO condition on the affected side (p=0.012; z= -2.521 and p=0.049; z= -1.949, respectively). There were no significant changes in opposite foot contact, step time and step length between barefoot and AFO conditions on the unaffected side (p>0.05). There was not a significant decrease in double support time (p>0.05). Only on the unaffected side, single support time reduced significantly with an AFO (p=0.02; z= -2.334). The degrees of ankle dorsiflexion at initial contact and midswing were significantly increased when walking with an AFO (p<0.001; z= -3.924 and p<0.001; z= -4.076, respectively) ( Figure 3 ). The FAC score improved significantly when patients used an AFO compared to when patients were barefoot (p=0.002; z= -3.051). The gait parameters and the FAC score of the patients are shown in Table 2 .
Walking speed was accepted as the primary outcome of the study. Based on a type I error of 0.05, the study power was calculated 0.721 according to the primary outcome. Power analysis was performed using PS version 3 program. Two-tail test was selected for analysis Effect of interest was 0.13.
DISCUSSION
The results from this study support the hypothesis that using an AFO improves the temporospatial parameters and ankle kinematics in patients with stroke. Functional ambulation level as measured with the FAC also increases when patients with stroke are walking with an AFO.
The most characteristic temporospatial deviation in hemiplegic gait is a decrease in walking velocity, which is an indicator of overall gait performance and associated with many other temporospatial gait parameters. [1] The affected limb exhibits a prolonged period of swing and a reduced period of stance; as a result, decreased swing time and increased stance time are seen on the unaffected limb. [7] Reduced step time, shorter step length and increased double support time has also been reported. [8, 9] These changes are believed to partially result from decreased walking speed. The present study shows that AFOs minimize the deviations from normal gait secondary to hemiplegia. The patients had increased walking speed and cadence when using an AFO.
Step time decreased and step length increased, in parallel with increase in walking speed and swing phase of the affected limb. Double support time demonstrates a trend for decrease; however, it did not reach significance. Increased opposite foot contact and reduced single support time indicate a prolonged period of swing and a reduced period of stance on the unaffected limb, respectively, indicating an improved ankle stability during stance of the affected limb. These findings concur with previous studies. Gok et al. [10] showed that both plastic and metallic AFOs provided an increase in walking speed, cadence and step length and decrease in step time and double support time. In a similar retrospective study, Esquenazi et al. [11] found that walking velocity, cadence, percent stance and step length significantly increased, whereas percent swing decreased on the affected side when patients walked with an AFO. Franceschini et al. [12] showed improvement with use of an AFO in temporospatial parameters including increases in walking speed and cadence combined with decreases in stance time and double support time in patients with chronic hemiplegia. In the study of Carse et al., [13] patients with early stroke had an increase in walking speed, cadence and step length with a solid AFO.
Decreased dorsiflexion of the ankle is a common swing-phase kinematic disturbance in hemiplegic gait. [14] The ankle should be normally at a neutral position (zero degree of dorsiflexion and plantar flexion) at midswing through initial contact. The last third of the swing phase is the period of gait cycle when the foot passes closest to the ground. A neutral position of the ankle during this period provides foot clearance to prevent the toes from touching the ground. [1] The present study found that the AFO benefitted dorsiflexion in swing phase and at initial contact. This result is in line with previous studies [15] [16] [17] [18] [19] [20] that reported an increase in ankle dorsif lexion at initial contact and during swing when using an AFO.
A recent meta-analysis showed the positive effect of AFOs on mobility in patients with stroke. [3] The FAC score of patients improved while wearing an AFO. However, the same meta-analysis found that the AFO did not affect other aspects of mobility, including timed stair climb and Timed Up & Go test. Nolan et al. [21] evaluated the effect of AFOs on functional ambulation using different walking assessments and found increased distance walked during the Six-Minute Walking Test and reduced time while completing the 25-ft walk with AFO usage. The results of this study support the hypothesis that an AFO improves functional ambulation and increases the FAC score in patients with stroke.
Even though similar research has been conducted on AFO use in the literature regarding stroke rehabilitation, these studies commonly studied the effect of a specifically designed AFO in a small number of participants. The present study exhibited the long-term experience of a gait laboratory in a tertiary rehabilitation center. Gait records of a large stroke population were examined. Actually, all the patients in the study were samples from routine daily clinical practice and not subjects selected to use a specifically designed AFO. This type of solid AFO used in the study was probably the most commonly prescribed AFO in this center. Therefore, the present study confirmed the benefits of commonly prescribed AFO for patients with stroke using data from routine clinical practice.
Retrospective design is the primary limitation of this study. However, all gait assessments both under AFO and barefoot conditions were done during the same visit. Thus, potential variability in the walking performance of the patients, which may be seen in a retrospective review of the gait data obtaining on different days, was not allowed. Another limitation of the study is how long the patients had used their AFOs was not known. Findings of the study only showed the immediate effect of AFO usage on hemiplegic gait. Future studies may investigate the long-term effects of AFOs.
In conclusion, this study consists of a retrospective review of the data from selected patients with stroke at a tertiary rehabilitation center gait laboratory. The findings demonstrate that AFO improves certain temporospatial parameters and ankle kinematics of the patients. Besides that the patients had a better functional ambulation level, as measured with the FAC score, while wearing an AFO. The results from this laboratory's long-term experience confirm the beneficial effect of AFO on hemiplegic gait.
